Bocavirus belongs to the genus *Bocaparvovirus*, subfamily *Parvovirinae*, family *Parvoviridae*, a small and non-enveloped virus approximately 25 nm in diameter \[[@r7]\], with a linear single strand DNA genome of approximately 5.4 kb \[[@r1], [@r6]\]. Bocavirus are unique among *Parvoviridae* as they contain a third ORF between the non-structural and structural-coding regions \[[@r11], [@r17], [@r23]\]. Previously, the genus *Bocavirus* was originally named according to the initial two members, bovine parvovirus (BPV) and minute virus of canines (MVC) \[[@r2], [@r19], [@r20], [@r28], [@r29]\]. And now, the genus of bocavirus is reclassified as *Bocaparvovirus* based on the proposal of Cotmore *et al* \[[@r7]\]. Currently, the bocaparvoviruses consist of carnivore bocaparvovirus, pinniped bocaparvovirus, primate bocaparvovirus, ungulate bocaparvovirus, and unclassified bocaparvovirus \[[@r20]\]. And the feline bocaviruses belong to carnivore bocaparvovirus 3 and unclassified bocaparvovirus, respectively \[[@r20]\].

Bocaparvoviruses frequently infect animals through the fecal-oral route, causing respiratory and gastrointestinal symptoms in young animals and humans \[[@r15]\], but are often subclinical in adults \[[@r3]\]. So far, bocaparvoviruses have identified from a variety of vertebrate hosts including humans \[[@r8]\], cows \[[@r4]\], pigs \[[@r5], [@r25], [@r26]\], gorillas \[[@r10]\], chimpanzees \[[@r27]\], California sea lions \[[@r16]\], dogs \[[@r9], [@r13], [@r22], [@r24]\], cats \[[@r13], [@r21], [@r30], [@r34]\], bats \[[@r33]\], rats \[[@r14]\], and pine martens \[[@r32]\], which suggested that the bocaparvoviruses have a very broad host range.

Feline bocavirus (FBoV) was first discovered in stray cats in Hong Kong \[[@r13]\]. And then the America and Portugal found the FBoVs were existed in the feces and brain of the cats \[[@r21], [@r34]\]. Commonly, the FBoV genome encodes three ORFs, ORF1, ORF2 and ORF3, which correspondingly encode non-structural protein NS1, overlapping capsid proteins VP1/VP2, and unique non-structural nuclear phosphoprotein NP1, respectively \[[@r13], [@r21], [@r34]\]. While, there is no report about FBoV in mainland China. To investigate the infectious status of FBoV in Harbin of Heilongjiang province, fecal samples were collected from pet hospitals either with diarrheic or asymptomatic cats. This study was approved by the Harbin Veterinary Research Institute-Experimental Animal Welfare Ethics Committee (HVRI-EAWEC), and conducted under the guidance of the HVRI--EAWEC. The EAWEC approval number was SYXK (Hei) 2011-022.

Totally, in present study, 36 fecal samples of cats with diarrhea (13/36) or no clinical symptoms (23/36) were randomly collected in Harbin city of Heilongjiang province from January 15 to February 28, 2015, and the samples was stored at −80°C. The detail information on the samples was listed in [Table S1](#pdf_001){ref-type="supplementary-material"}.

Viral gene sequencing and analysis were conducted as follows. In brief, Viral DNA was extracted directly from samples using the AxyPrep™ Body Fluid Viral DNA/RNA Miniprep Kit (Axygen, Wujiang, China), according to the manufacturer's directions.

The identification of FBoV was performed using specific primers based on NS1 gene \[[@r13]\]. The primer sets are 5′-GCCAGCACNGGNAARACMAA-3′ (forward) and 5′-CATNAGNCAYTCYTCCCACCA-3′ (reverse). The PCR product size is 141 bp. The amplification of full length genome of FBoV was conducted by using three pairs of specific primers of FBoV ([Table 1](#tbl_001){ref-type="table"}Table 1.The primers for amplification of full length genome of feline bocavirusPrimersSequencesFBOV-21F5′-CTGCATTTCCGTGTCTGTGTCATT 3′FBOV-1491R5′-GCATTCACGATTGCTTTTGCCAG-3′FBOV-1307F5′-GCAGACTCRCTCCACGCTAAT-3′FBOV-3256R5′-CGCGTTTTCCACCAGTTCCT-3′FBOV-3149F5′-CCGGGTGGCTGGGAAAATC-3′FBOV-5178R5′-CATGGGCGTAGCAGTGTGGA-3′). PCR products were purified with the QIA quick PCR purification Kit (Qiagen, Hilden, Germany) and cloned into pMD18--T vector (TaKaRa, Dalian, China), then sequenced using vector specific sequencing primers by Invitrogen Co.

Sequence data were edited by using SeqMan program and the homology was analyzed by using MegAlign program (DNASTAR, Madison, WI). The phylogenetic trees were generated with the soft of MEGA 7 \[[@r12]\] by using the Clustal W alignment algorithm and the maximum likelihood method, and bootstrap analysis was performed with 1,000 replicates.

Of 36 fecal samples of cats, one FBoV named as HRB2015-LDF strain was identiﬁed from a three-month-old male cat with severe enteritis, and with an overall positive rate of 2.78% (1/36). The genome of HRB2015-LDF strain, 5,125 nucleotides (nts) in length, contains three open reading frames (ORFs), which are 2,415 nts of NS1, 657 nts of NP1 and 2,139 nts of VP1/VP2 encoding three proteins of 804, 218 and 712 residues, respectively. The full length genome sequence of FBoV HRB2015-LDF was deposited in GenBank with the accession number of KX228695.

The amino acid sequence analysis of VP1, NP1 and NS1 proteins showed that the HRB2015-LDF had no deletion and insertion and kept the same pattern with the Hong Kong isolates and one American isolate FBD2, while the phenomenon of deletion and insertion frequently happened to another American isolate FBD1 and Portuguese isolate POR1 compared with the reference isolate of HK875F. And both these two isolates of FBD1 and POR1, they also had no same deletion and insertion pattern compared each other ([Fig. S1](#pdf_001){ref-type="supplementary-material"}).

To compare the homology, all the nucleotide sequences of bocaviruses derived from different hosts available in GenBank were downloaded and analyzed. The homology of complete genomic sequence of HRB2015-LDF closely related to other FBoVs, with 68.7--97.5% nucleotide identities, and distantly related to other host bocaviruses, with ≤63.3% nucleotide identities. Among the FBoVs, HRB2015-LDF was highly closed to all three Hong Kong isolates, and one America isolate FBD2, with ≥96.9% nucleotide identities, while, with ≤74.9% nucleotide identities to the American isolate FBD1 and Portuguese isolate POR1, and the homology of nucleotide sequence between FBD1 and POR1 was 68.2% ([Tables 2](#tbl_002){ref-type="table"} and[3](#tbl_003){ref-type="table"}Table 2.The homologous comparison of the nucleotide sequence of feline bocavirus HRB2015-LDF and the bocaviruses derived from different hosts available in GenBankHostStrain or GroupHRB2015-LDF (%)GenomeVP1NP1NS1CatHK875F97.597.298.097.8HK797F97.096.298.397.3HK797U96.996.298.397.4FBD174.975.377.274.3FBD297.096.398.497.5POR168.770.772.467.2MG132−^a)^−98.698.0RabbitLBoV 160/01/ITA50.952.752.645.0Gorillagorilla/GBoV1/200949.255.053.045.6PrimateCPZh245.456.553.045.4BatBtBoV group46.2--59.951.3--62.934.6--59.445.2--49.6DogCMV group57.3--60.360.5--63.354.2--55.054.1--54.5CBoV group29.7--58.960.8--62.155.6--56.846.4--47.4Sea lionCslBoV group27.6--38.260.5--62.653.8--55.951.9--52.0HumanHBoV group28.9--58.552.1--53.154.1--58.726.9--50.2PigPBoV group25.5--52.930.5--46.926.4--59.240.3--43.0CBoV: Canine_bocavirus: CMV: Canine_minute_virus; PBoV: Porcine bocavirus; CslBoV: California sea lion bocavirus; HBoV: Human bocavirus; Bat bocavirus: BtBoV. a) The dash represent that the sequence was not available in GenBank.). The other genes of VP1, NP1 and NS1 of HRB2015-LDF showed the same homologous relationship, with 70.7--97.6, 72.4--98.6 and 67.2--98.0% nucleotide identities to the corresponding genes of FBoVs, respectively. The homologous analysis of amino acid sequence showed the identities with the nucleotide sequence ([Tables 2](#tbl_002){ref-type="table"} and[3](#tbl_003){ref-type="table"}). The results of homologous analysis suggested that the FBoVs have evolved into three different lineages. The HRB2015-LDF, three Hong Kong isolates, and one America isolate FBD2 have the high similarity, which can be divided into a class named clade3. And there have great difference among FBD1, POR1, and clade1 ([Table 3](#tbl_003){ref-type="table"}Table 3.The comparison of nucleotide (amino acid) sequences of feline bocaviruses among caldes or between HRB2015-LDF and cladesGeneHomology (%)Clade1Clade1-POR1Clade1-FBD1FBD1-POR1HRB2015-\
LDF-Clade1HRB2015-\
LDF-POR1HRB2015-\
LDF-FBD1VP196.2--100.0 (95.8--100.0)70.7--71.1 (70.5--71.2)75.4--75.7 (77.6--78.3)69.9 (70.0)96.2--97.3 (95.8--97.1)70.7 (70.8)75.6 (78.2)NP198.0--100.0 (96.5--100.0)70.5--71.6 (62.7--63.1)76.8--77.4 (70.9--71.8)71.2 (67.4)98.0--98.6 (97.0--98.7)71.4 (63.1)77.1 (71.4)NS197.3--99.8 (97.3--99.6)67.1--67.4 (67.2--67.9)74.3--74.6 (75.7--76.1)68.4 (68.3)97.3--98.0 (97.4--98.3)67.2 (67.3)74.3 (75.7)Genome96.9--97.568.2--68.874.9--75.968.296.9--97.568.774.9), so the POR1 and FBD1 were designated clade1 and clade2, respectively.

To characterize the genetic relationships of bocaviruses from different species, the phylogenetic trees of full genome and each gene of FBoV HRB2015-LDF were constructed with all the nucleotide sequence of bocaviruses available in GenBank. The phylogenetic tree of genome and each gene of HRB2015-LDF showed that HRB2015-LDF was clustered into the FBoV branch, and all FBoVs were co-located the same branch with the canine minute viruses. And in the FBoV branch, the HRB2015-LDF, three Hong Kong isolates, and one America isolate FBD2 closely clustered together, while the FBD1 and POR1 located the out branch ([Figs. 1](#fig_001){ref-type="fig"}Fig. 1.Phylogenetic analysis of genome of feline bocaviruses. Phylogenetic tree of the full length genome derived different hosts available in GenBank and the feline bocavirus HRB2015-LDF identified in this study (marked with black triangle) was constructed using the neighbor-rjoining clustering method in MEGA version 7 with a p-distance. Bootstrap analysis was performed with 1,000 replicates and the bootstrap values for each node are given if \>70%. Scale bar indicates nucleotide substitutions per site. and [2](#fig_002){ref-type="fig"}Fig. 2.Phylogenetic analysis of VP1, NP1 and NS1 genes of feline bocaviruses. Phylogenetic trees of the VP1 (A), NP1 (B) and NS1 (C) genes of the feline bocavirus HRB2015-LDF identified in this study (marked with black triangle) and the corresponding genes of bocaviruses derived different hosts available in GenBank were constructed using the neighbor-joining clustering method in MEGA version 7 with a p--distance. Bootstrap analysis was performed with 1,000 replicates and the bootstrap values for each node are given if \>70%. Scale bar indicates nucleotide substitutions per site.), which strongly supported the opinion that the FBoVs could be divided into three clades as mentioned above.

Cats are one of the most common and important companion animals, and humans keep more than 80 million cats worldwide \[[@r21]\]. Until now, though more than 15 viral families have now been described in cats, only known rabies virus and rotaviruses can infect humans \[[@r31]\]. Bocaviruses have been associated with diarrheal and respiratory illnesses in human and other mammals such as dogs, cattle, and pig, but for pathogenicity of bocaviruses derived from other hosts remains large unknown \[[@r18]\]. Of the 36 fecal samples, one positive sample was identified in diarrheal cat, and no other common and emerging viral diarrheal pathogens including DNA virus (feline parvovirus) and RNA viruses (feline coronavirus, feline calicivirus, feline astrovirus, feline kobuvirus, feline rotavirus, and feline norovirus, etc.) were found by PCR and virus isolation, which suggested that the FBoVs might be one of the important factors to cause the viral diarrhea in cats, or provide synergistic effects on diarrheic disease progression of cats with other pathogens that cause diarrhea. For that once was overlooked by us.

In present study, the first FBoV HRB2015-LDF was identified and characterized in diarrheal cat in mainland China, and the classification of FBoVs based on the homology and phylogeny was also put forward for consideration first time. However, the FBoVs remain too much unknown. Therefore, at present, extensively epidemiological and molecular survey need to be further study in China.
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